Context-Posttraumatic stress disorder (PTSD) is increasingly recognized as a cause of substantial disability. In addition to its tremendous mental health burden, PTSD has been associated with worse physical health status and an increased risk of cardiovascular disease.
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; and worse quality of life (odds ratio, 2.5; 95% confidence interval, 1.6-3.9; P<.001). Results were similar after excluding participants with depression.
Conclusions-Among patients with heart disease, PTSD is more strongly associated with patientreported cardiovascular health status than objective measures of cardiac function. Future studies should explore whether assessing and treating PTSD symptoms can improve function and quality of life in patients with heart disease.
With recent surges in global conflict and terrorism, post-traumatic stress disorder (PTSD) is increasingly being recognized as a cause of substantial disability in both civilian and military populations. The lifetime prevalence of PTSD in the general population is 8% to 12%, 1,2 and the prevalence in military veterans is considerably higher, ranging from 13% to 31%. [3] [4] [5] Posttraumatic stress disorder is not only the cause of tremendous mental health burden but is also a major risk factor for chronic physical illness, particularly cardiovascular disease (CVD). [6] [7] [8] In the absence of a cure for PTSD, improving patients' health status by reducing disease symptoms, maximizing function, and increasing quality of life is a major goal of treatment.
Health status, as measured by patients' reports of symptoms, physical limitations, quality of life, and general health, is also widely recognized as an independent predictor of morbidity and mortality in patients with CVD. 9, 10 Studies of veterans from multiple eras have found that those with PTSD have significantly worse health status independent of demographics, military service characteristics, and health behaviors. [11] [12] [13] [14] Less information is available from nonmilitary populations, but an analysis of participants from 11 psychiatric treatment trials found that those with PTSD had more profound global deficits in health status than participants with other anxiety disorders. 15 In addition, 59% of participants with PTSD had severely reduced quality of life, defined as 2 or more SDs less than population norms. Multiple studies have revealed that the association of PTSD with poor health status is independent of comorbid psychiatric conditions, such as depression. 11, 13 However, it is not known whether the association of PTSD with worse health status is independent of comorbid medical conditions. We sought to compare the association of PTSD and cardiovascular function with patientreported health status in a well-characterized cohort of participants with documented CVD. We evaluated the independent associations of PTSD and 3 objective measures of cardiovascular function (ejection fraction, exercise capacity, and ischemia) with a range of cardiovascular health status outcomes. We hypothesized that PTSD would predict health status independent of cardiovascular function and that PTSD would be a stronger predictor of cardiovascular health status than objective measures of CVD.
METHODS

PARTICIPANTS
The Heart and Soul Study is a prospective cohort study of psychological factors and health outcomes in adults with stable CVD. Detailed methods of the study have been previously described. 16 Between September 2000 and December 2002, 1024 ambulatory men and women with established CVD were enrolled, including 438 from 2 Department of Veterans Affairs medical centers (San Francisco Veterans Affairs Medical Center and the Veterans Affairs Palo Alto Health Care System), 346 from a university medical center (University of California, San Francisco), and 238 from 9 public health clinics (Community Health Network of San Francisco). To be eligible, participants needed to have a history of a myocardial infarction, angiographic evidence of stenosis of 50% or greater in 1 or more coronary vessels, evidence of exercise-induced ischemia (by treadmill electrocardiogram or stress nuclear perfusion), or a history of coronary revascularization. Individuals unable to walk 1 block or those planning to leave the area within 3 years were excluded. Informed consent was obtained from all participants and appropriate institutional review boards approved the research protocol. Two participants who did not complete PTSD assessments were excluded from this analysis, yielding a total of 1022 participants.
PREDICTOR VARIABLES
Posttraumatic Stress Disorder-Posttraumatic stress disorder was measured using the Computerized Diagnostic Interview Schedule for DSM-IV (CDIS), a validated computer-based interview administered by trained research personnel. 17 The CDIS assesses current PTSD (symptoms meeting criteria in the last year) and past PTSD (symptoms meeting criteria prior to the last year) based on the criteria outlined in the DSM-IV. 18 In our study population, only 35 participants met criteria for past (but not present) PTSD. Because our health status outcomes assessed current levels of symptoms and functioning, we used current vs noncurrent (past or never) PTSD for the primary analyses. However, we did conduct sensitivity analyses using the 3 separate PTSD categories (current vs past vs never). We also used the CDIS to assess history of military combat and exposure to combat-related trauma. The CDIS has a sensitivity of 88% and specificity of 73% compared with gold standard clinician interviews 19 and has been widely used in previous large epidemiologic studies. 20, 21 Cardiac Function-We assessed 3 measures of cardiac function: left ventricular ejection fraction, exercise capacity, and inducible ischemia. Ejection fraction was measured on a resting echocardiogram using an Acuson Sequoia Ultrasound System (Mountain View, California) with a 3.5-MHz transducer. Following the resting echocardiogram, participants completed a symptom-limited, graded exercise treadmill test according to a standard Bruce protocol. To achieve maximum heart rate, participants who were unable to continue the standard Bruce protocol (for orthopedic or other reasons) were switched to slower settings on the treadmill and encouraged to exercise for as long as possible. Exercise capacity was calculated as the total number of metabolic equivalent tasks achieved at peak exercise (1 metabolic equivalent=3.5 mL/kg/min of oxygen consumption). At peak exercise, apical 2-chamber, 4-chamber, and precordial long-axis and short-axis views were obtained to evaluate right or left ventricular dilation or wall motion abnormalities that occurred with exercise. We calculated the wall motion score index at peak exercise as a measure of inducible ischemia. 22 
OUTCOME VARIABLE: HEALTH STATUS
To assess baseline cardiovascular health status, we used the Seattle Angina Questionnaire (SAQ), a well-validated and widely used questionnaire that was designed to measure the physical and emotional effects of CVD. 23, 24 We evaluated 3 domains of health status. Symptom burden was assessed with the 2-item angina frequency scale, which asks participants about frequency of "chest pain, chest tightness, or angina" and frequency of nitroglycerin use for these symptoms. Functional status was evaluated with the 9-item physical limitation scale. Participants rated limitation due to cardiovascular symptoms for 9 activities using a 5-point Likert scale from "not at all limited" to "severely limited." Participants could also indicate if they were limited because of other reasons. Quality of life was assessed with the 3-item disease perception scale, which includes ratings of CVD-specific limitations in enjoyment in life, satisfaction with life if symptoms continued at the current level, and frequency of worrying about a heart attack or sudden death. 25 In a validation study of 372 patients, scores were reproducible over a 3-month period in patients with stable coronary artery disease (intraclass correlation coefficients of 0.76 for angina frequency, 0.83 for physical limitation, and 0.78 for disease perception subscales). The SAQ also demonstrated responsiveness to change, with significant improvements in patients who underwent successful angioplasty (P<.001).
Standard scoring was used for the SAQ, with each subscale scored from 0 to 100 (higher scores indicated better health status). We used predefined cut points to divide subscale scores into categories. 16 We divided symptom burden into daily (0-30), weekly (31-60), monthly (61-90), or no (91-100) angina; physical limitation into severe (0-24), moderate (25-49), mild (50-74), or minimal (75-100) limitation; and quality of life into severely diminished (0-24), moderately diminished (25-49), mildly diminished (50-74), or good to excellent (75-100) quality of life. In addition to the SAQ, we also asked participants to rate their overall health compared with people their age on a 5-point Likert scale ("poor," "fair," "good," "very good," or "excellent").
COVARIATES
Participants completed questionnaires to determine age, sex, ethnicity, medical history, and smoking. Alcohol use was measured with the AUDIT-C, a validated screening questionnaire that uses 3 questions to assess frequency and amount of alcohol use and yields a total score of 0 to 12. Regular alcohol use was defined as a total score of 4 or more. 26, 27 We also examined "binge" drinking, defined using the third AUDIT-C question as a report of drinking 6 or more drinks on a single occasion at least once in the last year. 27 Participants brought their medication bottles to the study visit, and a trained research assistant recorded all current medications. Medications were categorized using Epocrates Rx (San Mateo, California). Current depression was measured using the CDIS. 17 Body mass index was calculated as weight in kilograms divided by height in meters squared. Fasting serum total cholesterol and high-density lipoprotein cholesterol concentrations were measured by enzymatic assays using a Synchron LX 20 (Beckman Coulter, Inc, Fullerton, California). 28 Serum low-density lipoprotein cholesterol concentration was calculated using the Friedewald formula. 29 
STATISTICAL ANALYSIS
Our objectives were to evaluate the independent association of PTSD with health status and to compare the contributions of PTSD and objective measures of cardiac function with health status in patients with CVD. To describe differences in the characteristics of participants with and without current PTSD, we used t tests for continuous variables and χ 2 tests for dichotomous variables. We used a χ 2 test to compare the frequency of health status outcomes in participants with current vs past vs never PTSD.
To evaluate the independent association of PTSD with health status, we used multivariate ordinal logistic regression, a method that allows the outcome variable (health status) to have more than 1 category. These models calculate a single odds ratio (OR) for the association between a predictor variable (current vs noncurrent PTSD) and each combination of higherrisk vs lower-risk outcome categories (for example, daily angina vs other categories; daily or weekly angina vs other categories; daily, weekly, or monthly angina vs no angina). We adjusted for all patient characteristics that were associated with PTSD at a P value of <.20 (age entered as a continuous variable, sex, current smoking, history of diabetes mellitus, and recruitment site) and for the 3 cardiac function measures. We did not adjust for military combat exposure because it was highly collinear with recruitment site. The proportional odds assumption was verified for all models. We report our results as ORs with 95% confidence intervals (CIs) and P values.
We tested for interactions of PTSD with sex, ethnicity, and measures of cardiac function. Finally, to ensure that any associations of PTSD with health status were not due to comorbid depression, we added current depression (based on the CDIS) as a covariate and repeated the fully adjusted model stratifying by current depression. We also conducted sensitivity analyses using the 3 separate PTSD categories as predictors: current vs past vs never (reference category). All analyses were performed with Stata version 10 (StataCorp, College Station, Texas).
RESULTS
PATIENT CHARACTERISTICS
Of the 1022 participants, 95 (9%) had current PTSD. Of these participants, 34 (36%) reported trauma related to military combat. The frequency of combat-related trauma differed by sex, with 54% of the men with current PTSD reporting combat trauma vs 4% of the women with current PTSD reporting combat trauma. Compared with participants who did not have PTSD, those with current PTSD were on average 6 years younger and significantly more likely to smoke, report a history of diabetes, and have current depression (Table 1) . We did not find significant differences in mean alcohol use scores, regular alcohol use, or binge drinking based on PTSD status. The 3 cardiac function measures were not significantly different in patients with vs without PTSD.
PTSD AND HEALTH STATUS
Participants with current PTSD had worse health status on all 4 measures ( Table 2 ). Those with vs without current PTSD were more likely to report at least mild symptom burden (57% vs 36%), mild physical limitation (59% vs 44%), and mildly diminished quality of life (62% vs 35%). They were also significantly more likely to rate their overall health as fair or poor (54% vs 35%) (Figure) . In unadjusted analyses, PTSD was significantly associated with worse health status on all 4 outcome measures (OR, 2.1; 95% CI, 1.4-3.1 for greater symptom burden; OR, 2.1; 95% CI, 1.4-3.1 for greater physical limitation; OR, 3.3; 95% CI, 2.2-4.9 for worse quality of life; and OR, 2.0; 95% CI, 1.4-3.1 for worse overall health; all P≤.001). When potential confounding variables and the 3 measures of cardiac function were also included in the models, PTSD remained independently associated with symptom burden, physical function, and quality of life (Table 3) .
CARDIAC FUNCTION AND HEALTH STATUS
In adjusted models, decreased exercise capacity was significantly associated with greater symptom burden, greater physical limitation, worse quality of life, and worse overall health (Table 3) . However, ejection fraction and wall motion score were not independent predictors of any of the health status outcomes. Posttraumatic stress disorder remained a significant predictor of symptom burden, physical limitation, and quality of life independent of the 3 cardiac function measures. There were no significant interactions between PTSD and sex, ethnicity, or cardiac function in any of the 4 health status models (all P for interaction >.05).
EFFECT OF CURRENT DEPRESSION
The association of PTSD with worse cardiovascular health status was similar after excluding 223 participants with major depression. As compared with the 762 remaining participants who did not have PTSD, the 37 participants with PTSD were more likely to report at least mild symptom burden (49% vs 34%), mild physical limitation (49% vs 41%), mildly diminished quality of life (59% vs 33%), and fair or poor overall health (59% vs 31%) (all P≤.01). Among patients without major depression, PTSD remained a strong predictor of health status, independent of cardiac function (Table 4) .
We also explored the effects of depression by simultaneously entering PTSD and depression in the fully adjusted model and by restricting the sample to include only those with current depression. When entered simultaneously, the independent associations of PTSD with the health status outcomes were symptom burden (OR, 1.6; 95% CI, 1.0-2.6; P=.03), physical limitation (OR, 1.6; 95% CI, 1.0-2.7; P=.05), quality of life (OR, 2.2; 95% CI, 1.4-3.4; P=. 001), and overall health (OR, 1.1; 95% CI, 0.71-1.9; P=.58). In the same models, the independent associations of depression with the health status outcomes were symptom burden (OR, 1.4; 95% CI, 0.99-2.0; P=.05), physical limitation (OR, 2.1; 95% CI, 1. 
EFFECT OF CURRENT VS PAST PTSD
Using 3 categories of PTSD (current vs past vs never) did not change our results for the independent association of current PTSD with cardiovascular health status. Past PTSD was not independently associated with any of the health status outcomes, though the number of participants in this category was relatively small (n=35 for the full model, n=11 for participants without depression).
COMMENT
In this analysis of 1022 men and women with stable CVD, we found that PTSD was a strong and independent predictor of greater symptom burden, greater functional limitation, and worse quality of life. In contrast, 2 objective measures of cardiac function, ejection fraction and inducible ischemia, were not significantly associated with cardiovascular health status. These findings demonstrate that the association of PTSD with worse cardiovascular health status is not just due to greater medical comorbidity in patients with PTSD.
Previous studies have demonstrated an association between PTSD and self-reported health status, [11] [12] [13] [14] [15] 30, 31 but it has been unclear whether this association is independent of objective measures of physical health. Our results build on these prior studies by examining the relative impact of PTSD and comorbid physical illness on health status. Determining the independent contributions of PTSD and comorbid medical disorders has been challenging for many reasons. First, most studies use self-reported history to define presence or absence of comorbid physical diseases, and such measures may be subject to diagnostic inaccuracies or reporting bias. Second, focusing on the role of comorbid physical illness requires health status measures that reflect the symptoms and functional limitations specific to that disease. Yet, validated diseasespecific health status measures are available for only a limited number of physical illnesses. Lastly, no studies of PTSD and health status have examined the severity of physical illness or objective measures of disease-specific function, both of which may be important determinants of health status.
The availability of a validated, CVD-specific health status questionnaire and the detailed measures of CVD severity and cardiac function in the Heart and Soul Study allowed us to address these challenges. Of the 3 cardiac function measures examined, only exercise capacity, which has been used to validate the SAQ, was a significant predictor of health status. 25 This is consistent with our prior finding that another psychiatric factor, level of depressive symptoms, was a more important determinant of function and quality of life in patients with CVD than expensive physiologic measures of cardiac function. 16 In addition to their value as predictors of patient-centered health status outcomes, psychosocial factors are also strongly associated with cardiac events and mortality. [32] [33] [34] In the INTERHEART study of 29 432 patients across 52 countries, psychosocial factors accounted for more than 30% of attributable risk of myocardial infarction. 34 However, despite their importance, psychosocial factors are often overlooked in primary care and specialist medical practice, and mental health conditions such as PTSD may not be adequately diagnosed and treated in patients with chronic physical illness. 35 Though PTSD symptoms are often chronic, trials of both behavioral and pharmacologic therapies have demonstrated that treating PTSD can improve patients' function and quality of life. [36] [37] [38] Indeed, our results suggest a dose response between PTSD and cardiovascular health status because participants with prior PTSD had health status outcomes that were intermediate between those with never and current PTSD. Though our sample size is too small to draw definitive conclusions about remitted PTSD, the cardiovascular status of this group deserves further study.
Posttraumatic stress disorder may affect cardiovascular health status through several pathways. Posttraumatic stress disorder is associated with biologic changes, including altered inflammation and sympathetic nervous system activity, which may adversely affect the cardiovascular system. 39, 40 In addition, patients with PTSD may have differences in health behaviors, such as smoking and physical activity, that could worsen health status by increasing symptoms and decreasing function. 41 Therefore, PTSD may act both directly and indirectly to worsen cardiovascular health status.
Our findings should be interpreted in light of several limitations. First, this study included mostly older men, and our results may not generalize to other populations. Second, we focused on CVD because it is the leading cause of death in the world, and several recent studies have found that patients with PTSD have significantly increased risks of developing and dying of CVD. 3, 7, 8, 42 However, our findings about the relative influence of PTSD on health status may not extend to patients with other comorbid physical illnesses. Third, though CDIS yields diagnoses of current, past, or no PTSD, we could not determine the exact duration of PTSD symptoms nor could we evaluate the association of severity of PTSD symptoms with health status. In addition, our relatively small number of participants with past PTSD prevented us from fully exploring the association of remitted PTSD and health status. Finally, because our results are cross-sectional, we cannot determine whether the association between PTSD and worse health status is causal.
In summary, we found that PTSD was significantly associated with worse cardiovascular health status, independent of objective measures of cardiac function and comorbid depression. In contrast, 2 measures of cardiac function were not significantly associated with health status. Further study is needed to determine whether treating PTSD symptoms can improve function and quality of life in patients with heart disease. Health status in participants with vs without current posttraumatic stress disorder (PTSD). P<.001 for all comparisons. (245) 29 (31) 8 (23) 208 (23) Moderately diminished (103) 18 (19) 5 (14) 80 (9) Severely diminished (36) 12 (13) 3 (9) 21 (2) Overall health
Excellent (75) 6 (6) 2 (6) 67 (8) .02
Very good (220) 12 ( Abbreviations: CI, confidence interval; OR, odds ratio; PTSD, posttraumatic stress disorder.
a Model includes PTSD, exercise capacity, ejection fraction, ischemia (wall motion score), age, sex, smoking, history of diabetes mellitus, and recruitment site.
